Purpose We sought to select a parsimonious subset of domains from the patient-reported outcomes measurement information system (PROMIS Ò ) that could be used for preference-based valuation. Domain selection criteria included face validity, comprehensiveness, and structural independence. Methods First, 9 health outcomes measurement experts selected domains appropriate for a general health measure using a modified Delphi procedure. Second, 50 adult community members assessed structural independence of domain pairs. For each pair, the participant was asked if it were possible to have simultaneously good functioning in domain 1 but poor functioning in domain 2, and vice versa. The community members also rated the relative importance of the domains. Finally, the experts selected domains, guided by community members' judgments of structural independence and importance. Results After 3 rounds of surveys, the experts agreed on 10 potential domains. The percent of pairs deemed structurally independent by community members ranged from 50 to 95 (mean = 78). Physical Function, Pain Interference, and Depression were retained because of their inclusion in existing preference-based measures and their importance to community members. Four other domains were added because they were important to community members and & Janel Hanmer
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Introduction
Self-reports about health-related quality of life (HRQL) provide information about the health of individuals and populations, the impact of chronic medical conditions, and the effectiveness of health care interventions [1] . A variety of health outcome measures have been developed and applied in population-based and clinical studies over the past 40 years [2] .
The Patient-Reported Outcomes Measurement Information System (PROMIS Ò ) is a U.S. National Institutes of Health funded resource of self-reported health measures assessing multiple domains (e.g., pain, fatigue, emotional distress, physical function, social function) relevant for individuals from the general population and those with chronic illnesses [3, 4] . PROMIS was developed as a health descriptive system in which a score is calculated for each domain collected [3] . There are currently over 70 different domains relevant to adult health and illness available in the PROMIS Assessment Center [see www.healthmeasures. net]. Because items within a domain are calibrated on the same underlying metric using item response theory, any subset of items can be used to estimate the domain score. This subset may be a short for or may be selected using computer adaptive testing.
Despite its strengths, the PROMIS measurement system does not provide a single summary score for overall health. A comprehensive summary score would be useful for many descriptive purposes (e.g., to track groups over time, to compare across groups). A summary score constructed using preference-based methods and anchored on a 0 (''dead'') to 1 (''full health'') scale could also be used in decision analyses and cost-effectiveness analyses [5] [6] [7] [8] . Such preference-based scores allow both morbidity and mortality to be captured in the form of quality-adjusted life years (QALYs) [7] [8] [9] . Cost-effectiveness analyses are ideally suited to incorporate such metrics with resource use data to compare the value of healthcare interventions [10] [11] [12] [13] .
Developing preference-based scores requires having representatives from the population making explicit tradeoffs between different health states using methods such as the standard gamble [6] , time trade-off [6] , or discrete choice experiments [14] . Because these trade-offs are cognitively complex, score developers need to limit the number of domains included in a given preference-based measure.
For explicit trade-offs to make sense, domains must be structurally independent. Structural independence means that the range of possible outcomes on domain A is potentially independent of the outcome on domain B (and vice versa). For example, physical function and depression are structurally independent if one can imagine an individual with good levels of physical function and very severe depression as well as an individual who is not depressed with very poor physical function. Domains can be structurally independent even if they are highly correlated (e.g., depressed individuals tend to have poor physical functioning).
For the sake of comparability, and the accumulation of evidence across studies, it would be useful to have a standard set of domains from PROMIS used to develop a preference-based score. Here, we derive such a set, driven by the criteria of face validity, comprehensiveness, and structural independence. In this paper, we describe a process involving input from both measurement experts and community members to select a subset of the adult domains available in the PROMIS domain framework [4, 15] . This is the first step in a larger project to develop a preference-based scoring system for PROMIS [16] . Subsequent steps include selecting representative items from the domains, eliciting valuations from the general population, and estimating a scoring function using the valuations. The preference-based score constructed from PROMIS domains will provide an important extension to PROMIS.
Methods
We used a 4-step procedure to select a subset of PROMIS domains for the PROMIS-preference scoring system.
Step 1: reduction of available domains by a modified delphi procedure with experts We recruited 9 health status measurement experts to participate in a modified Delphi procedure. A list of all 37 domains available at the time of the study was provided to the experts (''Appendix A''). They were asked to exclude domains that ''were either not appropriate for inclusion in a general health utility measure or redundant with another PROMIS domain.'' We removed a domain if 7 or more experts voted for its removal. For domains that were considered to be very similar or redundant (e.g., Cognitive Function-General Concerns and Cognitive FunctionAbilities), a single domain was selected by a simple majority rule. Responses were combined and presented again in further rounds until consensus was reached.
Step 2: pairwise independence evaluation by a community sample
We next recruited a convenience sample of 50 community dwelling adults from the University of Pittsburgh's Clinical and Translational Science Institute research registry website (https://pittplusme.org/; http://www.ctsi.pitt.edu/researchrsp-pitt.html). Eligible participants were at least 18 years old and spoke English; there were no other exclusion criteria. Participants were compensated $20 for their time.
We conducted face-to-face interviews in which participants evaluated 20 randomly assigned pairs of domains selected in Step 1. The 20 domain pairs were generated using Microsoft Excel's randomization function. The pages with the domain pair (as in Fig. 1 ) were generated in Word which was linked to the Excel file using ''field'' link. A research assistant manually checked each set of 20 pairs to ensure that: (1) all 10 domains were included in the set, and (2) all pairs in the set were unique.
Participants were asked to determine whether pairs of the identified domains were structurally independent with the following procedure. The participants were given the name and description of each domain on a piece of paper (example in Fig. 1 ). The content of these descriptions was based on the definitions for the different domains in PROMIS [4, 15] . A research assistant provided an example of good functioning on domain 1 and poor functioning on domain 2 and asked the participant if this combination was possible. Participants were then asked if the opposite combination was also possible. The research assistant explained that we wished to know whether the combinations were possible even if not necessarily probable. That is, could they imagine such a combination of health states ever happening? Each participant reviewed each of the health domains in at least one pair.
For each domain pair, we calculated the percent of respondents who reported its members to be structurally independent.
Step 3: domain importance in a community sample After comparing pairs of health domains (Step 2), participants were asked ''I'd like you to consider a person's overall quality of life. Between these two domains of health, which do you think is more important in overall quality of life?'' The participant could select a domain or indicate that they were equally important.
Participants were given cards with each domain from Step 2. They could remove any domain if they did not think it was important for overall HRQL. The participant was then asked to rank the remaining domains from most important to least important. The most important domain was placed at 100 on a visual analog scale (VAS) board and the least important at 0. The participant was asked to place the remaining domain cards along the VAS and their scores were recorded by the research assistant.
After completing the rating task, participants provided the following demographic and clinical information: age, gender, race/ethnicity, education, number of times they see a doctor in a year, number of medications they take daily, number of times they've ever been hospitalized (excluding labor and delivery), and experience with health problems that limit a person's ability to take care of him or herself.
Step 4: final domain selection We used information from Steps 2 and 3 to create the final set of domains for the PROMIS-preference measure. The expert panel agreed upon a minimum of three specific domains essential for face validity because they are present in many generic HRQL profile measures: Physical Functioning, Depression, and Pain. We then used information about structural independence from the community sample to determine which domains could be added to this core set and maintain the same level of structural independence. Among the three pairs, the lowest level of structurally independence was for pain and physical functioning: 67% reported these two domains to be structurally independent. We accepted the same level of structural independence (or better) when including additional domains. When structural independence could be maintained with either but not both of a domain pair, we were guided by the community participants' importance ratings.
IRB approval for the project was obtained from the University of Pittsburgh (PRO14070021 and PRO14100533).
Results
Step 1: reduction of available domains by a modified delphi procedure with experts
In the first round, all 9 experts voted to include 5 and 16 domains were removed by at least 7 of the expert respondents. This left 16 domains for further evaluation in the second round. In the second round, a single cognitive function domain (Cognitive Function-Abilities) was selected from a set of 2 such domains (Cognitive Function-Abilities and Cognitive Function-General Concerns). Likewise, a single Social Roles Domain (Ability to Participate in Social Roles and Activities v2.0) was selected from a set of 3 domains about social roles. One other domain (Sleep Disturbance) was included and 9 domains were removed. For 2 domains, there was no clear vote for exclusion or inclusion-Pain Intensity and Sexual Function and Satisfaction: Global Satisfaction with Sex Life-so these were included for further testing in the community sample. Details of the Delphi results are summarized in Table 1 .
In the third round, all of the experts endorsed a final set of 10 potential domains. These 10 domains were: Cog- Step 2: pairwise independence evaluation by a community sample Convenient sample of 50 adults were recruited from the Pittsburgh area. The sample were 60% female and with a mean age of 44 (range 22-70). Fifty-two percent of the sample were White, 32% were Black, and 7% identified their race as Other. Their self-rated health ratings were: excellent (27%), very good (41%), good (29%), fair (4%), and poor (0%).
Domain pairs were evaluated 20-27 times (mode = 22) ( Table 2) . Across all comparisons, 78% of domain pairs were judged to be structurally independent. The pair that was least often considered as structurally independent was Anxiety and Sleep Disturbance (50%). The pairs that were most often reported as structurally independent were Depression and Physical Function, Pain Intensity and Physical Function, and Sexual Function and Social Roles (95% for all 3 pairs). Step 3: domain importance in a community sample One participant, while able to complete Step 2, was unable to comprehend and complete the ranking and rating task, leaving 49 participants in this analysis. Before ranking, 1 respondent removed Fatigue, Pain Intensity, Pain Interference, and Sexual Function; 3 respondents removed Sexual Function. Physical Function and Cognition were tied for the most important domain by both mean VAS score and rank order (Table 3) . Sexual Function was the least important on the basis of number of responses, VAS score, and rank order.
Step 4: final domain selection
The expert panel had initially selected a small set of health domains necessary for face validity in a generic health measurement system: Physical Functioning, Depression, and Pain. We had the option of using Pain Interference or Pain Intensity to describe Pain. Pain Interference was chosen over Pain Intensity because it was assessed as more structurally independent when paired with other domains. Seventy-six percent of respondents reported Depression and Pain Interference to be structurally independent, 95% reported Depression and Physical Functioning to be structurally independent, and 67% reported Pain Interference and Physical Functioning to be structurally independent. We considered including any other domains that had structural independence of at least 67% with other domains in the set.
To maintain this level of structural independence, there were 2 cases where the expert panel could include 1, but not both of 2, domains. The first case involved Fatigue and Sexual Function. We chose Fatigue because the community sample rated it as more important for overall HRQL. The second case involved Sleep Disturbance and Anxiety. We selected Sleep Disturbance because it was viewed as more important than Anxiety by the community sample.
The final set of 7 domains, the PROMIS-preference measure, and their structural independence is summarized in Table 4 .
Discussion
We used judgments from an expert panel and a community sample to select 7 domains appropriate for a PROMISPreference scoring system. The 7 domains are: Cognitive Function-Abilities, Depression, Fatigue, Pain Interference, Physical Function, Ability to Participate in Social Roles and Activities, and Sleep Disturbance. These domains will be used to develop a descriptive system for preference valuation studies and development of a preference-based scoring function.
These 7 domains have substantial overlap with the domains in other generic health measurement systems. Six were also selected by a group of PROMIS experts for the 8 domain PROMIS Profile measures (PROMIS-29, PRO-MIS-43, PROMIS-57; www.healthmeasures.net). Previously developed generic preference-based measures such as the EQ-5D [17] , Health Utilities Index [18, 19] , Quality Cognition  ---------Anxiety  68  --------Depression  68  81  -------Fatigue  68  91  85  ------Pain interference  90  91  76  86  -----Pain intensity  68  68  80 Pairs with less than 67% of respondents reporting the pair to be structurally independent are bolded VAS visual analog scale * Ranks are ordered from lowest (most important) to highest (least important)
of Well-being Index [20] , and SF-6D [21, 22] all include physical functioning, pain, and mental health in some form; we therefore designed PROMIS-preference to include physical function, pain, and depression. Most existing generic preference-based measures also include social functioning; similarly, PROMIS-preference includes ability to participate in social roles and activities. PROMISpreference, reflecting the input of its community sample includes 2 domains that have rarely been included: Cognitive Function has only been included in the Health Utilities Index Mark 2 and Mark 3; Fatigue has only been included in the SF-6D (as Vitality). Sleep Disturbance has not appeared in any of these other measures. We believe that these differences reflect our selection process. Whereas domain selection for prior measures was primarily driven by the measure developers with informal input from other sources, we have attempted to formalize the domain selection process with both experts and community members. We first engaged a wide variety of measurement experts in a modified Delphi process to select a range of potentially relevant domains. We then engaged community members to assess the structural independence and importance of potential domains. To the best of our knowledge, this is the first time a formal evaluation of domains' structural independence by a community sample has been incorporated in the development of a preferencebased health measure.
One potential limitation of these results is using a small geographically limited community sample in order to allow in-person interviews. Although this sample does not accurately represent the broader US general population, it was diverse in age, gender, race, educational background, and prior healthcare experience and should represent a substantial range of experiences and values. A second potential limitation is that the experts engaged in the Delphi procedure cannot be representative of the scientific community although they were chosen for the diversity of their opinions. A third potential limitation is community participants' lack of familiarity with the structural independence task which may have posed a barrier to obtaining informed responses. We believe that the in-person interview format allowed for needed clarification.
The motivation for this study is the opportunity to develop a preference-based score for the PROMIS domains and measures. This preference-based score can be estimated whenever the 7 PROMIS domains selected in this study have been collected, regardless of the method of collection (i.e., short form or computer adaptive testing). PROMIS measures are increasingly incorporated into clinical trials and practice based studies in the US [23] . PROMIS measures are also being translated and adopted throughout Europe and other countries [24] . A preferencebased score developed from PROMIS domains would allow simultaneous collection of descriptive health status and a single summary score without increasing respondent burden. Moreover, the item response theory underpinnings of the PROMIS domains and measures will address problems in prior preference-based measurement systems such as ceiling and floor effects and limited precision in tracking individual outcomes [16] .
To date, other preference-based scores have been estimated from PROMIS measures in 2 ways. One uses regression or linear equating methods to estimate EQ-5D-3L and HUI3 scores from PROMIS-29 and PROMIS Global scores, despite known limitations [25, 26] . The other used discrete choice experiments to elicit evaluations of health profiles constructed from the PROMIS-29 [27] without testing for structural independence. Neither method takes advantage of the improvements in health description provided by PROMIS, such as ensuring that the full range of health is measured and improving the precision of measurement.
Selecting a set of domains is the first step in developing a rigorous preference-based score for PROMIS [16] . Next steps include developing and implement a valuation elicitation method that links preference to PROMIS domain scores. This link will allow the use of techniques from multi-attribute utility theory to estimate the relative weight of each domain and an overall preference-based scoring function. The final result of this project will allow reporting of both descriptive health outcomes and a preference-based score for studies that have included the 7 PROMIS domains selected in this study. Award program, Grants UL1RR024153 and UL1TR000005. The funding agreements ensured the authors' independence in designing the study, interpreting the data, writing, and publishing the report.
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